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(54) HARD FILM AND COATED MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film and a 
coated member having a low friction coeffi cient and 
best suited for utilization in a lubricating oil. 
SOLUTION: This coated member is obtained by providing 
the surface of a base material 1 with a film 2. This film is 
provided at least on a part of a sliding face. The film 2 is 
provided with a layer essentially consisting of carbon. 
Then, the coated member is used in the presence of 
lubricating oil. The lubricating oil desirably contains an 
aromatic compound. 
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Iff #3! 3] tSlHSEKffiM«. ftOft^ftiLT. £ 

mmm-?$>z>z t zmmt-r zm&mimMvmn®. 10 
as. 

Ai*5«t^si, fcstffcjinsojiWLtt. aft** 

ffi©l"t:-&$lJB© 1 ISfcO ©J¥^>-^b. 0005 — 0. 6 p. mT 

ftfe©<"t£$lW:, WJI8l***5IVa, Va, Vla^TCig, 

^O{t-&fe©!|affi^0. 001-0. bumT'&ZZii&ftUii 
[f»3fcJg6] «r|EW«««OW*3fl«0.05-100/im-C 

(Hk) ^1800kg/mm 2 JJLh, 8000kg/mm 2 KTTSSu 

£***iT*ii#*ifce*©««M*. so 

Ra^0.005A£mJM_h. 0.2(!mftTT*5eii*^S!i:t 

(Hk) ^1800kg/mm 2 &Lh> 8000kg/W 61TT, #0 
Sffi©a^Ra^0. 005Mm^.±, 0. 2 jLim£TFT&-5 Z\ £ 

^^mt-r^ma^m i kiEitcDaittuit. 

M^IO] RaXHk=A<i:bfc«-^CDA^500WT 

t& -s c t z&mtrzm&m 9 »c Erasmus. 

[fMfgl 1] ;*-:/®«#2000kg/W £Lh. 6000k 40 
g/mm 2 &TT*&Efc*4*«£:"f *Hlt*B7 3Efctt8C 

[S^il 2] 514.5nm©jfeftSrJ$r)T;U=i , >-1'^-> 

Hj|/K*ViT. *&500k(±l 000cm" 1 WTtCtf- 

JM. 

[Ilt&gl 3] ^Sc500W±l 000cm- 1 &Tte#ttT* 
tf-i70?i« (J600) il340cm- ' 

^CD?S« (11340) iKDfag.it (1 600/1 1340) #0. 02fit 50 
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±2. 5firFT-&3 z. tz®mtir%mim\mm.(Dffls. 

[ffi^l 4] «E»500£t±1000cm- 1 £KT\ZW&1TZ> 
Z-ZOimftfag. (S600) il340cm" #ifit#frT* 
tf-^CD«#3£S (S1340) t©3*KJt (S600/S1340) 
1fi0. 0l&±2. 5OTTJ65^ £ fc^-h"^!*^! 2£ 

MfcJ&Sl 5] .^KMKljR* 0*^6^:0. 5l4.5nm 

3t»«f»C«kO»6n*5V>^^^ MHCiiViT, 1560 
cm" ■W-jfi^tf-i'CD?iS (11560) £l340ctf' ttjfi© 
tf-^W&g (11340) t©Jt (1 1340/1 1560) #0. l£l 
±1. 2£I > TT*£3 H £ SttafcTSBMSH 1 iCfE«OS 

TO16] SStttfc«*©**»S&9, 514.5nm 
©$Eft tJS^TW >-f 1 tf-*ffl l^fc 7 -7 ># 
^*flCJ:0#^n-S7V>7.^^ hJPfc*V>T, 1560 
cm" 1 tt>£©tf- (S1560) i 1 340cm- ' 
jfiCDt!-i7©«^?fi* (S1340) iCDJt (S1340/S1560) 
#0. 3&U 3 CI i S#Stit5»*l 1 ICE 

m&mi7l «K«Kli*0**6ftO. 514.5nm 

^«flCi:D»e.^a^5- : <'>X^^ h;KC*5^T. 1560 
cm" 1 #ifi© tf-^^1 560cm" 1 JJLkl 580cm" 1 &Tf\Z& 

mam 1 8 ] t&E®x«]Ss©w&«£#2. 6~3. 6g 

/cm' C t fT S»*3S1 tcfE^©Sl!K^ 
IStf 19] S«Ml:**0**6WutS1«| 

t-r^rt^i. 12 — 14. i8ovi-rn*^cis«©«!Htt 

*«*J«»s&«, l~40at.%T*^d<i:Sr#8S[<t-r«.W* 

W*«2 1] ttlE«K**l©«tW3W).05/tm~10M 
mT*5i:i$1ltiit5fi*a 7 ~20©^-Ttl*MCE 

[it«2 2) »»SW*«, *«B?{t^«i4*toc:t* 
««fr*lll*5l 1 E*©WK«m. 
[i*«2 3] WtM«(. x>5?>*. ^/yu 

s*? s nfc i aT s % z. t z ®m t -r z> m&m i ice* 
iffi&m 2 4 ] mttwpu < t b-mzmiz&mffiB 

BIT* * ^ 1 4#gt £T-5ffiffiS15Mo 
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A. 

E©+rajitt. nmwma, 5 a, f>am<D7tm* &m 

[11*12 7] -fe^Sy**, 7 

ttfc'>fc< ifcHrcfeftCi^WKiTftilsRW^ 10 

[0 0 0 1] 

[0 0 0 2] 20 
[^#©&®] S£5t5, ei»OX>i», «»#>7 r , 

120471*4**) . 30 
[0 0 0 3] y-f-V^K^-f f ODL 

o , i-c, T=ejuy r xfi—&>i3Liztm-£tiT^z>m 

6WMMfcWS<. B*«tt*«i(iV^t*«»&nT* 
[0 0 0 41 rt*BtWI» *««W»^©1WM»K*I«* 40 

[0005] «iit«iTo*»*tt. *ao<t5ic. @# 
©tc&gftt^«r:*)©;ftiTifcj££n-5. 

F=A|«Sm+ (1-a) SI} - (SCI) 

F A :«?«, a : iI»®»CiJ#£B#-H# 50 
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&M©ffl£. Sm : Hfl£-H#J*tt©**«8. SI : 

[0 0 0 6] ftoT, iB»»T©JMK#*Sft«3tf* 
fc*ttt. (1) H#-B#0*i»»Sm*«5T. 
(2) H#-H#»ttO«^a*«6-r (iHitilln'OH 

[0007] aa®t^5 (i) cMi/Tii, vaxs 

D, £©ii*«. fE##KJfc^* b 
[0 0 0 8] *fc„ (2) CHLTtt, tfA£S«iS0F 

^M^-t^js^, »,s*ififcMss&<K**#/fcu a 
[ooo9] — aEfca^K»j§#pfiMW£UT"b 

5-7>^3t^*T, EELS (m^X^JU^-Sl^Ht) • # 

[0 0 10] 1550 cm- 1 #ifii 1340cm- 1 #j£Kgm£ fcf 
— £©9**Jt£«jrra , b© : 4*B3F2-29919^. _W3-3 
7109-^, R5-151560#» R5-1 74368-Sf, H5-325175#4i 
IS 

[ooii] B*»*jts«€-r*t>o : mmw-un 

87#, ^6-267063-^. 1^6-349055^, ^7-85465*, mi 
-192254^, H9-91686#, 1^10-91935-^^ 

[0012] cne.cDtr-^ ©atjtuftjtsajt-r** 

© : iNrBB¥8-329450^. 1^9-15321 3#, Rlll-25441#, 
1^11-86275^, mi0-49856#4>ffi 
[0 0 13] 

[HiBWftL/A'5tt5Si] ua»u mnt>—#> 

C0KK*M&lsfcfltfRfl&S («H¥l -22671 

?fi> #W¥5-117087-^-^IS, #giT9-40494-^^;#fi, 4# 

H^5-ii7856<j4Mi) . tn6ttwm"bw.ctawt 

©£#£©&#£ SMtLTfcD, iSrattfK&ttS® 
[0 0 14] rHflE-Bff©*»flk*Sm*«6-rc 

^fctttens^ «^ta>LCT%>*»fls*tto. isft 
ffli$75^Sl£tl£. fox, r@{*:-H^©*ai^lS:s 
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[0 0 15] ISfc, r@ft-B#&tt©iiJ£a£Me>T 

4", JWrt*J&©TTJH»£*l* »i&©* 
fiBr»ini*< 

to* kit 3 ISIIB** * -a fc. 
[0 0 16] — ««K«tt#©ftWB£LT<0>LC 

6 «K# — # >*tttt20a t XfiLt©** UT 

«±, oAfj.m^mk^mzm\ 

[0 0 17] thCWLT. itb*OX>v?>, M5I4# 

cn& ©«»**«. awtiEftatfricJt^. 

tt. #^¥5-296248-^, H5-186287#£3Rfc £#a&3 
[0 0 18] ffioT, :fcfEBJ©±ge<Jte. SSS&tt:*:. 

-5. 
[0 0 1 9] 

[0 0 2 0] (ffltSI) *ft*T"b 

•?-©3S*«:5£j*t"S££#T£5d*. iit»^J©#i5ETi- 

>». Ktt. 5Efyy>*. xtr> 

l/>. r>h5^>^©^#j&^t7K*t^©K#te£ 

V»*«*©tte# 5 S*X&±i&*±'5 

[0 0 2 1] DLCaTOWSft*****^** 
iHMfctt« l lfl±T*fllHl4W6*»T 
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£#*<fc?K B#-@#&M©®*W& <&*>£© 

tc mmmztgmmv>&&mtf&.'>-rz>kg.tinz>. 
[0022] <.m&&momi$.kmm.) mmz&tfLftk 

iiit*5l?©*3&*S>fc5'fe©©5X#£'&tf. r^MWilK 
J&&iB)ibT©fl&7cSB£l&< Vi*^57C*t>*IS^lC-&W 

20 [0 0 2 3] 7KiS-& : fr^©(£ViSKiWKtt, 7jcS?£-££ 

Sf, **>lcJt^T*^W4*©te^#X*ffl^*££ 
[0 0 2 4] &mmm.khT\z, WX-ii* gU(C5Vr«fc 

•pic, i ±izBi$. 2 nfc^a 2 #dlc©#* s & *> 

»*Sf§IVa, Va, VlaJ&TtJ?!, Al*5J;tfSi, 

30 zmzcnzomm. mtmn^v-m.mtmt^misi 

■Zntc'J>tL<k>b—m : $:-£tSib<Dtfmif*>tlZ>. 

Mfcotfcjfrfctt*©!*)** 1 **. 

[0 0 2 5] d)DLC5i«*&©7C*t 3 S:®fiKbT 
V»« (02) . ^©*-&. (ft©7E3HtDLC*«JR^^^;P 

SWttTEsH^TJtKSn***. XRD (X-ray diffract 
ion) mtfr<Dif— 9\Z.m&ZW3.\f*. 
[0 0 2 6] ©DLC©^e.f«£-5®ae4©*{Cfl&©{t: 

5*^^n^5 (0 3A) . <fi©ft^^iia 
ttoESfu-i'^wdsnfc*^-??**. ^©t^©xR 

©<t-&#J©iaSttO. 001~0. bu mW 31 kififrti L 

v>o ^ai-r-5M^T«, tts*«o.oouB*»©fl&©rt^ 

»BiB*nft*»7fc. IMS**. 5 ji i 

[0 0 2 7] <3>DLC©*-*^^*«8l)i6 t. to©<tl-& 

so %iB7 fc^stcSce^nTi^^ (@3B) . cnn 
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0005-0. 6/tm tf -Si £#3*bV>. 

©»/*£*#£. Miitt^^MtcioT, fRJI 
«Bfi*««**n*IB»©)ilP*fllSEbfcii5. 0.0005 

[0 0 2 8] ft*. rDLC©#.a>£ft£>8B# (S) J . 

rw.c*Hft07E*ifl:*»*W*UT:v»«»» 

(B) J *=ttf rttofc-Mbtffl- (S) j sai 

#j , rDLC^©7c*£ft£ttfe»J5*bTv>*» 
4 (b) tc^-r«k^ic tta^«r^-)iiot^-@ii 

*Tk rDLC©#-/^£>ft-5BJ . rDLC^<fe©7C^t{t:-&t) 
^^LTl^iJ > rDLC©4nc{t!l©{L^#*&#t;: 

•5. ^LT, ^tC r<JDLC««(l&©7C*a:ft-&*)i3*» 

[0029] (#&©«&) mw^<D^-zrm& <h 

k) £1800kg/mm 2 Wi:. 8000kg/mm 2 tTF^-T-S d £ 
jJJgtLVJ. *-7$l«te2000kg/mm 2 tU:, 600 

Okg/mrn 2 £J,TTJ&5utA^iLV\ 
[0 0 3 0] mg.<Dmfe\t, # Lii^TffP. ^-f^ 

fl*t*#<ffilftO»tt**aA.K< #8000©^<f 

[0031] aa<D*ini^»»«»©*^*?i*fi^"*" 
©-eteft<. ajBoaa^5toD«F©«aw!4*iB»» 
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iB«*«** < ft *t ******* <*o. 

RrX#ttlS i bSI<ft i 5it»t, WCWC*5Tt>*» 
S*i^ft<ft0, JWJMlBWitteM"*. ^£0, S 

[0 0 3 2] (&BI©S®fi£) ®SCi£ffll©*®©ffi2 
10 tt, 4><L^¥^ffiSRaSr0.005um^±, 0.2«im£tTt 

[0033] mttitaaiBSLS &±iai6H<i: -rn«. 

Jtl&#&tt. *KWK* (1800CUi8000CrF) 

«j:D<s<fc*. amia*tt«v»eifff*Lv»*f. rb«« 

0. 005*1 m**l©aU)lS^«-r* £ b 

20 0.005 u mfit±. 0.2MmaTe**Ht3Wa*UV>. * 
ffifi3Ra©W5£:*ttttJIS B060HC^Jg©^»c2pUT 
jUJTf*. JWt^JEWCte. «05£8BHi2. 5mm. iRH^Xtf- 
H0.3mm/s> Cut-of fffiO. 8mm£ LT, 8,&j»l5tb£:¥#9 

[0034] *K«Bio*®as**5e-r*BHo5 

fc ?)-*-*. Ra**0.2tfmig«-r*n«, WBOQITjifiXT 

30 **. ftif^srn mmmy^x^cwfe 
^ftoaiffiasftffiWb&aaiisjEJjaT*** 4 , 

-?*«3&»>4©*-£n £0.02 miotic 

[0035] ±E«flEtaiaa*©5R*©*#* 

M'Silt^ffSl/^. ^©tfTfe, Ra (um) xHk 
(kg/mm 2 ) =A£Lfc*-&lC, »«A**500CtTT*« - 

^soouTt-r^^t-e, wK*»»<Tt>aiiiaaft« 

300RTTfeSCt*«jffiST»S. 

[0 0 3 6] (®M©X^i7 hJHfftt) flEftiURli. 5 
V>7.^^ h;HC*Jt*«[*500K±1000ci|- 1 ^TfcfcT 
50 -i7S:#-r ; 5>e:<i:7!»WJiT$,?). 
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[0 0 3 7] ZL(Dy^>7,^ hMZ* 514.5nn)©i£fi 
lCJ;D#-5o «k0f¥L<te, nZtlfzT,^ h)MDWLM 

frt,rty$tf7V>v*w^r^ # •> * m&t tr- 
[0038] *mmmm.WT~\z. soo-iooocm- 1 © 

SB, 1340cm" ttifrfc £0*1 560cm" ^jfiCD-&lt 3 tS^TtC 

tlT«. 500~1000cm" ©H8©t?— :7 W:«lJll!l£ft& 
500—1 000cm- 1 orBltCtf-^SrWT^te^jtt-r 

[0 0 3 9] ^500jy.± 1 000cm- 1 £ATtc#ffi 

T-5>tf— irtD&g. (1600) i 1 340cm" ' fi-jfiC:#eEt-£ 
tf-?©&« (11340) £©!£«Jt (1600/11340) #0.0 

mt.ts.z>. 

[0 0 4 0] eintt, flS/MMX©^^^ 

tf— i7W^SJt (S600/S1340) ra0.01UU:2.5RTT 
^^chWUK h?-^«#3£&J±#0.0l*m?fc 

ifcfc, Sezrr5#^BJ©*M^ffiTte, bf-*9* 

[0041] cnsoaiMMiitt* 

©3»&>6fc*>r.<i:#iif*LV>. |IKWt::^*i©*#>£>& 
S®ft*KT«500W±l 000cm" ' £ITIC If— # 

[ob4 2] s*. iwwfciwii©**6at»Tv»*a 

K^tcis^T, ^-7>^^^ Hue 43 H -51 560cm" # 
jfilC&£>tf-i7©«#3£S (S1560) tl340cm" ttifi© 
tf— t?<Dfcft&m (SI 340) <h©J£ (S1340/S1560) *<0. 

muz. 

[0 0 4 3] ssic e-*©«fl-a*£tt-cfc<. tf 

-;73$& (S5£) J£ (11340/11560) K&jttJfcLTfc 
0, 0.lW±1.2WTT»n«(S*«f^, KB»*fctt* 
ST. ^5. 1560cm" ttjfilC&S e-*3£fi<!: 1340c 
m" (*ifi©t:-^!SUStOJt«. SP 3 /SP 3 itth^t) 

n. twirtffo^^is^** <sp 2 . sp 3 ) (DW&m 
**lt^s. ;in e&sp 2 ©^*r 

#tj-$tT-5^t**T#*. 1560cm" 1 tti£<Dhf-?3il« 

fc. SP 3 tt£tt#9*^«£fc*a«**MSW 

U W#tttt*«l«il±l/TVifc. S1340/S1560*t3SiB*. 
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TSP 3 Jg^tt*«fiV»»ft*J:tfI1340/I1560**l. 2£jgx 

fiT&ofc. S1340/S1560*«0.3**W; , .T*5«ktfI1 
340/11560^0. 1*SH©«£, SP 3 Ig^tt^ifil < & 0 . + 

[0 0 4 4] fLT, £HWfcft*©**»&fcD. 77 
>7s-*.iJ MHCfctt?) ri560cm- 1 #jfi©lf— 0\ #156 
Ocm"' R±1580cm" «T©fflfc#ffibT^n«, 
io j£#2&. ilii«fttt4^Itt5. 7T>X^ hJV<D 

&#]{;:-> 7 FT 3. W5t«fllOJ6** t ffiWfflfci«'' i (t! 
— £)&*±D J: 0 W 

-4GPaEUi, -lOGPajy.TcDfflTS.-pfc. £ ©JE*fcj£;*) 
«tl560cni" #jfi©5V>lf-i7©k!-^tefi«. 0 
20 1 ©^^^tC^-TiPtC Kt£Jt0!IHffft5*bT^fc. 
[0 0 4 5] 5?>MMl:J:t)T. li(-L©4#8i©£ 

[0046] (.m&omm #m®m\t. «**«*{t 

t©#ttttlPlJt©li^&2. 6~3. 6g/cm J fT^> d t.ffl 

te. eels (€?i*m-js*m) ^xps aitetm^ 

[0 0 4 7] (SP ! *S-&©Jt*) SKaJTMlCfeW^SP' ts 

sp' »*tt*«»»aTT©*tt(i©w*»tt. 

EELSfciO. K*4©X^^ h*fc*V»TSP , tt**»C 
40 ®H-r^)lf-^©^S*, OOOat. 

[0 0 48] (®^©i?*) «JS^:#©iP^ (^a?r -5 
efWB^ab-S^. 4 , W«©ff*-«^*^'' i ) «0.05~ 
lOOMmfr^Clt^jgT*?). ^©J?*d^0.05Atm5|5 

HfflJCIfiJ^^Vi. i^tClOOAtm^iS^-^i, tt«*«lt<* 

ojttaiuftote*. «tos*Li/i«e'atto.o5tfm~iow 

m-e*D, S^»ca^LV^S6ffl«0. lwm~10ymT* 
50 [0 0 4 9] ±CC3«Kfl«ttS#±fc»JjiT 
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fiJfflSn*&©TW:fc<. ffilitf (1 kg/mm 2 &±).© 

[0 0 5 0] 3E»0«K««Klfi3esn^V». t55y 
^7.. 7 Jl,3i-V 

Ufr 6 SIR 3 nfc'>& < £ *> l STC * * . 

[005 1] wmmvj&fio -hE©#ttw**#-hfc 

S©*WT?&£ *>©##£ b^. 0iJ*J;£, JS»ltf*f!iv 
a, Va, Vlai^TC*, Al*5=ktfSi. S^W:- 

a, 5a, 6aj^©7C^J:0:citie>©^t^lv ^t*» 
tt. *W«BtC«^^*a4a, 5a, 6 a^WTtSli^c 
©ftffctt. *Mt*. «*<t»» (ffc£*JB) £BE«-T* 

^ttSrlPl-h^-a-^lCl*. O.Oljtim&Uil jim£TF#S£ 

[0 0 5 2] («JK©»ric*tt) -hI5©8$l (*WB 
*>) ^t2>fatLtB, RF^^XVCVDS. DCT 

[0 0 5 3] «&©ffc£«fcte#K:*fcbfcStt, ^tCfiX 

H^jcfi<) turn «S"J © tm© >t> icffi ©ft^totftM* 
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R5T A (h\ 


0* 1 


n 04 


0.03 


6 


4-4 


Cr 


C, Ti 


13 3(a) 


0 3(a) 


VAU 


|z3 4 vd; 


c 
0 


U. Uu 


0. 05 


8 


4-5 


Cr 


C.Cr 


0 3 (a) 


0 3(b) 


VAU 


[29 4 vu; 


5. u 


U. UD 


0. 04 


7 


4-6 


Cr 


C,Cr 


0 3 (b) 


0 3(b) 


VAD 


0 4(D) 


1 it 
J . 4 


U. UD 


0. 05 


8 


4-7 


Cr 


N,Cr 


0 3(a) 


0 3(a) 


VAD 


(29 4 vD; 


1 ft 

1 0 


u. u** 


0. 03 


8 


4-8 


Cr 


N.C.Cr 


0 3(a) 


0 3(b) 


VAD 


0 4(D) 


04 


U. UD 


0 04 


7 


4-9 




W 


0 3(a) 


0 3(b) 


VAD 


0 4(D) 


7 C 
f . 0 


U. UD 


0 04 


g 


4-10 


C, Si 


C.Ti 


0 2 


0 3(a) 


SP 


0 4(a) 


J 


U. Uo 


fl OS 


g 


4-11 


C, Si 


C,N,Ti 


0 3(a) 


0 3(a) 


SP 


0 4(b) 


1 . 4 


U. Uo 


fl 04 


8 

o 


4-12 


C.Ti 


C. Cr 


02 


0 2 


SP 


0 4(a) 


7. 0 


U. DO 


fl 04 


7 


4-13 


C. Ti 


C. Cr 


02 


0 2 


VAD 


0 4(b) 


19. 8 


U. UO 


u. u<* 


7 
i 


4-14 


C,Ti 


C,Cr 


0 3(a) 


02 


VAD 


0 4(a) 


2. 3 


0. 05 


u. u^ 


7 
1 


4-15 


C.Ti 


C. Cr 


0 3(a) 


02 


VAD 


0 4(b) 


4. 6 


0. 05 


u. u^ 


fl 

0 


4-16 


C.Ti 


C.Cr 


0 3(b) 


02 


VAD 


0 4(b) 


10. 1 


A AC 

0. 05 


fl flA 
u. ut 


Q 

*t 


4-17 


CTi 


C, Cr 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


30. 4 


0. 04 


U. UO 


Q 

•7. 


4-18 


C.Cr 


C.Cr.Al 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


2.4 


A AC 

0. 05 


u. UO 


Q 


4-19 


C.Cr 


N, Al,Ti 


02 


0 3(a) 


VAD 


0 4(b) 


8. 6 


A A it 

0. 04 


U. UO 


7 
f 


4-20 


C.Cr 


Al 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


6. 6 


A A A 

0. 04 


0. 03 


5 


4-21 


C.Cr 


C, N. Cr 


0 3(b) 


0 3 (b) 


VAD 


ga 4 id; 


£ 7 
O. 1 


n ft* 

U. UD 


0.03 


6 


4-22 


C, Ta 


C, N, Ta 


0 2 


0 3(b) 


VAD 


0 4(b) 


3.4 


0*05 


0.04 


5 


4-23 


C, Mo 


N, Mo 


02 


0 3(a) 


VAD 


0 4(a) 


6.9 


0.05 


0.04 


5 


4-24 


i C.W 


C,W 


02 


0 3(a) 


VAD 


0 4(b) 


9.8 


0.06 


0.05 


7 


4-25 


C,W 


C.W 


02 


0 3(b) 


VAD 


04(b) 


5.6 


0.06 


0. 04 


8 


4-26 


C.W 


C.W 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


10.4 


0.06 


0. 04 


8 


4-27 


N.Ti 


N.Cr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


13.2 


0.05 


0.04 


8 



[0079] mi oic^-rj;^. ir»-rn<D*«fli*>Jt o*frTr<s«*fTofc. 
mmuzit^Tmm^mm< . wa^avjci* c o o 8 3] 

[0080] mmwb) Kpmm-yyX^cymtM^T 

[0 0 8 1] RFESg^^XVCVDSe^E 5 ^ 

««4*J:tfil[**«263&«»tt*nTV»*. *tt. * 
£ffi21te#X&AP26<h#;*^P27££*AT^£. 

[0 0 8 2] ^©<t5^^gtC*5^TRFSie7 ,, 5X-VCV 
DftTfiEJIg-r S^^7.{C«CH 4 . C 2 H 2 . C 6 H 
6 H3S»21rtO*»*;^22Ka»28*Hry 

htm S«rt.«2X10- 6 TorrfitTfc*^#ft027 

T±#<* Ar*^*^»AP263ft»6atffi»!lrt 
lC^tAL> SBf*3Sr20mTorrlC-r^. I^NftC. SW^JW 
y 22 000VEPJ0 U, Ar 7 7 XV 
•&v Ar-<^->©a«28^cDW^ICj;t3, S^ffiO^n 
*|^*T-5 rAr#Wt— HffllJ Sff^. *Oft, *11 





w 


200-600 1 






CH 4 * C 2 H 2 % C 6 H B 




Torr 


0. 2-0.001 






50-400 



[0 0 8 4] H£7-*tt«**S«£B6t:*-r. C 

tt^-^^/h33 (*y-K«ffi) * ? sssn, 

[0 0 8 5] iO±5&SIBI:l3^T, ^-y-yhl3t 

tz'&> ^«I*5^2X10' 6 TorrfitTC*^t»fltP37^6 

*f30|*I(C#AL, ggrt£20mTorrl;:-f 5. |^B#lC. S 
*t*:;i'y32tCjS8Sllffi : S:-1000VPP*PL. Ar*>/X— H» 

50 fctt#XS#AtfffcX£#*Ufcttffirc. *12<D^# 
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[0 0 8 6] 
[*1 2] 



28 





A 


30—120 




V 


-800-0 


(Ar 3* APS) 


?a 


0.41—2.8 




Rpm 


0-30 



[0 0 8 7] mmmfe\z> n^^yFrnv^-ym? 
jft«D3p*S4t*aw ufc. «i»ii©iHia*«*#<ffi««) 

[0 0 8 8] $1^812. 5mnu SA^K— 

K0.3mm/s, Cut-of ffifiO. 8mmi LT» 8,&jfl!l^L fc¥i$<i 
ttfc. 

[0 0 8 9] jeatffiftt*. e>*>5V**KIWi*JB 



[0 0 9 0] fcfc, RFISljE^X^CVDftlCiDJSKb 

o.o2Min*^ic-r^*^«» x-xymmszy-i^ 
©MSE^a »»&-r k*v»t *» iwi«st& a. 

10 [0 0 9 1] *13t«®fiS**Ra=0.2*iBA, 7 
m&ifil 800£Lh8000£TF©&flHK:^ ^T. Sffiffi^Ra, 

gTsmoowxsooo^Toffii&T&nfcf. i*i$#8c©«« 

te^m^ipftoT&tK XRD : (X - ray di ff radio 

[0 0 9 2] 
[$13] 







(kg/DDD 2 ) 


Ra 


mm 

(jam) 




#»«» 


5-1 


VAD 


1738 


0. 26 


1.1 


SUS304 


0.064 




5-1 


RF-CVD 


4323 


0.240 


0.8 


SCM415 


0.041 




5-2 


VAD 


3564 


! 0. 210 


0.4 


SUS304 


0.038 


fig 


5-3 


VAD 


i 5986 


0.300 


0.2 


SCM415 


0.039 


5-4 


RF-CVD 


7230 


0. 260 


0.4 


SUS304 


0. 038 




5-5 


VAD 


2345 


0. 240 


0.1 


SKD11 


0.044 




5-6 


VAD 


1983 


; 0. 250 


0.4 


AC8A 


0.047 



[0 0 9 3] *--7WMW«1800£rFT»D, Ra 

*«0.005a±0. 2WT©^M(C^ViT*ffiffl$Ra, tt&K 



0, Ra^0.005J^±0.2iy.T©ISMT"S>n«, JilS^1800 

[0 0 9 4] 
[*1 4] 







(kg/mm 2 ) 


5feffiffi£ Ra 
(tun) 


mm 






5-1 1 


VAD 


1738 


0.26 


1.1 


SUS304 


0.064 




6-1 


RF-CVD 


1564 


0.006 


0.6 


SCM415 


0.038 




6-2 


RF-CVD 


1465 


| 0.090 


0. 72 


SUS304 


0. 037 


I 


6-3 


RF-CVD 


1340 


0.123 


0.68 


S45C 


0.040 


m 


6-4 


VAD 


1124 


0.034 


0.8 


SCM15 


0.042 




6-5 


RF-CVD 


1667 


0.062 


0.45 


FC250 


o. 037 : 




6-6 


VAD 


1738 


0.083 


0.97 


SCM415 


0.038 



[0 0 9 5] ^-7TB«30tl8OO£t±8OOOUTT 
$> ") % 75>ORa7j<0. 005&LLO. 2^T©ttMlC^^T^®iffl 

^Ra, tei&ue*, mmmm. mm, 



50 



«13©JtR^J5-l^X, SiB&SRatfO. 2*SA 
&&J|g£A. «E»£Ra#0. 005&LL. OJ^TOSIS 
Ottt^Oy ^-^ffi*^1800W±8000 
i^TTfe O , 0ORa#O. 005£Ui0. 2&CF~? IzM 
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[0 0 9 6] 









SB&£ Ra 












(kg/mm 2 ) 


(um) 


(Um) 








VAD 


1738 


0.26 


1.1 


SUS304 


0.064 




7-1 


RF-CVD 


2617 


0.153 


0.8 


SCM415 


0.032 




7-2 


RF-CVD 


6125 


0.092 ; 


0.8 


SCM415 


0.028 




7-3 


RF-CVD 


6929 


0.186 


0.75 


AC8A 


0.030 




7-4 


RF-CVD 


2685 


0.115 


0.8 


S45C 


0.031 




7-5 


RF-CVD 


3293 • 


0.078 


0.9 


SCM415 


0.029 






RF-CVD 


2969 


0.063 


0.9 


FC250 


0.024 




7.7 


RF-CVD 


1850 


0.032 


1 


SCM415 


0.028 






RF-CVD 


2587 


0.038 


0.7 


SUS304 


0.033 






RF-CVD 


2519 


0.093 


| 0.9 


SUS304 


0.037 




7-10 


RF-CVD 


3450 


0.084 


0.6 


S46C 


0.021 




7-11 


VAD 


4263 


0.098 


0.7 


SCM415 


0.025 


I 


7-12 


VAD 


1901 


0.055 


0.8 


SCM416 


0.039 




7-13 


VAD 


3763 


0.017 


0.5 


SCM415 


0.023 




7-14 


VAD 


4234 


i 0.039 


0.3 


AC8A 


0.032 




7-15 


VAD 


2411 


0.062 


0.2 


SKD11 


0.036 




7-16 


VAD 


3489 


0.034 


0.15 


SCr416 


0.022 




7-17 


VAD 


2087 


0.081 


0.05 


SCM415 


0.04 




7-18 


VAD 


1823 


0.083 


0.01 


SCM415 


o.o4i ; 




7-19 


VAD 


2979 


0.057 


0.03 


SCM415 


0.028 




7-20 


VAD 


1 6595 


0.068 


0.64 


SCM415 


0.022 




7-21 


VAD 


1989 


0.015 


0.8 


| S45C 


0.036 




7-22 


VAD 


2318 


0.045 


0.9 


SCr416 


0.036 




7-23 


i VAD 


3499 


0.006 


1 


SUS304 


0.03 



( 16 ) 



ftH 2 0 0 
30 



1-192864 



[SI 5] 



[0097] <toM*6> sr. &ttmm*mmz-$-z, 

&». 7th>tfTit»^«:?T5. RF2S 
5Pa, gBSUBSMOO'C, 9— fv hEMP®*J500W, 



30 



[0 0 9 8] #*#«C©«S'btt««5©K>*>5 i -f 

[0 0 9 9] S16, 17. 18ICtp|fflH. ifMHBtJP. SB 

[0 10 0] 
Kl 6] 











-7ms. 


2e®&£ Ra 


mm 








mm 






(kg/mm 2 ) 


(Attn) 




mm 




tttt« 5-1 






VAD 


1738 


0.26 


l.l 


SUS304 


0. 064 ! 




8-1 


Ta 


0.37 i 


RF-CVD 


2565 I 


0.26 


0.5 


SCr436 


0.047 




8-2 


W 


0.29 


RF-CVD 


5874 


0.35 


0. 64 


S45C 


0.042 




8-3 


Si 


0. 48 


VAD 


1856 


0. 24 


0.8 


SUS304 


0.045 




8-4 


Kb 


0. 46 


VAD 


4632 


0.3 


0.7 


SUS304 


0.043 




8-5 


Tl 


0.56 


VAD 


3671 


0. 24 


0.8 


SKD11 


0.044 




8-6 


Cr 


0.13 


VAD 


2546 


0.31 


1.7 


SCM415 


0.042 




8-7 


Si 


0.55 


RF-CVD 


1125 


0.04 


0.6 


SCM415 


0.042 




8-8 


W 


0.52 


RF-CVD 


1045 


0.05 


0.7 


AC8A 


0.043 




8-9 


Ti 


0.37 


RF-CVD 


1632 


0.07 


0.6 


SKH51 


0.042 




8-10 


V 


0.54 


RF-CVD 


1524 


0.14 


0.9 


SCr436 


0.041 


M 


8-1! 


Zr 


0. 58 


YAD 


1273 


0.06 


0.6 


SCM415 


0. 041 




8-12 


Cr 


0.12 


YAD 


1436 


0.113 


1.2 


SCM415 


0. 04 




8-13 


HI 


0.23 


VAD 


1353 


0.05 


0.7 


S45C 


0.042 




8-14 


Si 


0.21 


RF-CVD 


2019 


0.016 


0.8 


SCM415 


0.034 | 




8-15 


Si 


0.8 


RF-CVD 


2999 


0.016 


0.8 


FC250 


0. 038 




8-16 


Si 


| 0.52 


RF-CVD 


4439 


0.018 


0.75 


SCM415 


0. 032 




8-17 


Ta 


0.67 


RF-CVD 


2401 


0. 036 


0.8 


SCM415 


0. 042 




8-18 


Ta 


0.48 


RF-CVD 


2832 


0.045 


0.9 


S45C 


0. 029 




8-19 


TaC 


0.22 


RF-CVDJ 


3499 


0.035 


0.9 


SCM416 


0. 022 




8-20 


W 


0.13 


RF-CVD 


2979 


0.036 


0.7 


SCM415 


0. 036 
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[0102] 



31 


32 














Ra 










m 


(/in) 




(kg/nun 2 ) 


(am) 


(am) 


mm 




JtttM 5-1 


- 


1 


VAD 


1738 


0. 26 


1.1 


SUS304 


0.064 




8-21 




0.76 


RF-CVD 


3508 


0.06 


0.6 


SKDli 


0.021 




8-22 


Cr 


0.13 


RF-CYD 


4586 


0.092 


0.8 


SCM415 


0.024 




8-23 


cr mum 


0.11 


RF-CYD 


3788 


0.125 \ 


0.7 


SCM415 


0.023 




8-24 


m> 


0.36 


RF-CVD 


1852 


0.07 


0.7 


SCM415 


0.025 




8-25 


Nb 


0.44 


RF-CYD 


2617 


0. 089 


0.8 


SCH415 


0. 041 




8-26 


Nb 


0. 74 


RF-CVD 


3949 


0.014 


0.5 


PC260 


0.023 




8-27 


Ti 


0.32 


RF-CYD 


1823 


0.036 


0.3 


SCM415 


0.036 


I 
1m 


8-28 


Ti 


0.65 


RF-CVD 


3097 | 


0.036 


0.15 


SCr436 


0. 022 


8-20 


Zr 


0.88 


RF-CVD 


2607 


0.033 


0.01 


SCM415 


0. 045 




8-30 


ZrC 


0.23 


RF-CVD 


1989 


0.037 


0.8 


AC8A 


0.037 | 


8-3 i 


TaC 


0.56 


RF-CYD 


4351 


0.032 


1 


SUS3D4 


0. 03 




8-32 


Hf 


0. 58 


RF-CVD 


3499 


0.068 


1. 




0. 03 




8-33 


Ta &ftfc 


0.43 


RF-CVD 


3273 


0. 056 


0.3 


crMil 5 


0.033 




8-34 




0.33 


RF-CVD 


3361 


0.007 


0.8 


OnUJ 1 


0. 033 




8-35 


Si 


0. 54 


VAD 


2401 


0.007 


0.6 


SCM415 


0. 032 




8-36 


SI 


0. 23 


VAD 


3175 


0.054 


0.7 


5KH51 


0.038 




8-37 


Si 


0. 67 


VAD 


4469 


0.07 


0.6 


SKH51 


0. 028 ! 




8-38 


Ti 


0.98 


VAD 


2636 


0.075 


0.2 


SUS304 


0.036 




8-39 


Ti 


0.65 


VAD 


3891 


0. 081 


0. 05 


SCM415 


0. 044 




8-40 


Ta 


0.64 


VAD 


2185 


0.006 


1 


SOU 1 5 


0. 042 










Ml 8] 










(fBQJejRJfl 






Ra 


mm 










(am) 




(kg/nan 2 ) 


(am) 


(am) 


fits 






__ 




VAD 


1738 


0.26 


1.1 


CTKQftA 


0. 064 




8-41 


f 


0.33 


VAD 


3940 


0.124 


0.8 


oUooU4 


U. vol 




8-42 


V 


0.55 


VAD 


2607 


0.024 


0.9 


o lulu I 


U. Wit 




8-43 


Ti 


0. 66 


VAD 


3175 


0. 03 


0.7 


OlulOl 






8-44 


Zr 


0.63 


VAD 


2773 


0. 009 


0.6 


oUoaU4 


u. 


i 


8-45 


Zr 


| 0.9 


VAD 


4665 


0. 06 


0.03 


ALBA 






8-46 


ZrC 


0. 54 


VAD 


6595 


0.06 


0. 64 


SUM 4 1 D 


i a nil 

v. Wtl 




8-47 


Hf 


0. 27 


VAD 


2313 


0. 049 


0.9 


SCM41 5 


0. 036 




8-48 


Cr 


0.12 


1 VAD 


3798 


0.087 


0.6 


SCM415 


0. 031 




8-49 


V 


0. 63 


VAD 


2877 


0.079 


0.7 


AC 8 A 


0. 035 




8-50 




0.42 


VAD 


2283 


1 0.053 


O.t 


SUS304 


0. 041 




8-51 


Nb &<tto 


j 0. 52 


VAD 


3597 


0.005 


0.2 


SKH51 


0. 035 




8-52 


TI 


0.36 


VAD 


3146 


0.06 


0.7 


SKDU 


0. 032 
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[0104] (kii«7) as»to«3ii*sdi»*fc* 



^tCfE^-T&AE (Acoustic emission) £-fe >U— tC«t 

Hffifmtbfc. :©tt, AE©3^4:*IK©*ttMnJW 
aaa^fcftSO-C. B«fc«kO*lli««©*f**JE 

[0 10 5] Kttttlt. ^/ty^'J>^iSlCj:oT 

*»±K:l'WJift'3^T. •£-©±ic7 ; &;i/7 7X#-tf 
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[0 10 6] 
[*1 9] 



( 18 ) 



2001-192864 



33 



34 







(mid) 




(kg/ma 2 > 


Ra 

(/im) 


(/in) 


mm 


mm** 


<N) 


\mm 7-3 




_ 


RF-CVD 


2564 


0. 045 


0.8 


S45C 


0. 034 


15 


mm 7-4 








dote 


0. 035 


0. 8 


SUS304 


0. 036 


12 




9-1 


Si 


0.21 


RF-CVD 


2019 


0.016 


0.8 


SCM415 


0. 034 


26 




9-2 


Ta 


0. 48 


RF-CVD 


2832 


0. 045 


0.9 


S45C 


0. 029 






9-3 


TaC 


0. 22 


RF-CVD 


3499 


0.035 


0.9 


SCM415 


0. 022 


22 




9-4 




0.13 


RF-CVD 


2979 


0. 036 


0. 7 


SCH415 


0. 036 


24 




9-5 




0. 76 


RF-CVD 


3508 


0.06 


0. 6 


SKDU 


0. 021 


25 




9-6 


Nb 


0. 74 


RF-CVD 


3949 


0.014 


0. 5 


FC250 


0. 023 


24 




9-7 


Zr 


0. 88 


RF-CYD 


2607 


0.033 


0.01 


SCM4I5 


0.045 


25 




9-8 


ZrC 


0. 23 


RF-CVD 


1989 


0.037 


0.8 


AC8A 


0. 037 


25 




9-9 


TaC 


0.56 


RF-CVD 


4351 


0.032 


1 


SUS304 


0.03 


26 | 




9-10 


Hf 


0.58 


RF-CYD 


3499 


0.068 


1 


SCM416 


0. 03 


23 


n 


9-U 




0.43 


RF-CVD 


3273 


0.056 


0.3 


SCM415 


0. 033 


23 




9-12 




0.33 


RF-CVD 


8361 


0.007 


0.8 


SKDI1 


0. 033 


24 




9-13 


Cr 


0.13 


RF-CVD 


4586 


0.092 


0.8 


SCM415 


0.024 


26 




9-14 


Si 


0.54 


VAD 


2401 


0.007 


0.6 


SCM415 


| 0. 032 


26 




9-15 


Ta 


0.64 


VAD 


2185 


0. 005 


1 


QCUA 1 E 

bun4lo 


1 n nA9 

U. VHi 


L C 




9-16 


I 


0. 33 


VAD 


3940 


0.124 


0.8 


SUS304 


0.037 


24 




9-17 


Ti 


0. 66 


VAD 


3175 


0.03 


0.7 


SKH51 


0.036 


25 




9-18 


Zr 


; 0.63 


VAD 


2773 


0.009 


0.6 


SUS304 


0.04 


I 23 




9-19 


ZrC 


0.54 


VAD 


6595 


0.06 


0. 64 


SCM415 


0.022 


22 ! 




9-20 


Cr 


0.12 


VAD 


3798 


0.087 


0.6 


SCM4IB 


0. 031 


27 




9-21 


V 


0. 63 


VAD 


2877 


0.079 


0.7 


! AC8A 


0.035 


21 \ 



[0107] 8 ) RDM* 1 1 B«oriaH*Sclc 

MftffMfctt. Ifftf^T^Xi'KlMfcSJS^TWJSb 
fc. iSSfefefrli. A*f«10N, j£S26mm/s. ttf^Ore 
88290m, je£6min©SUJ2£ffi3=ttfcf><t:bT, X>$?> 

;nt»-pj»*«»[ft W3t bfc. x> s? >*-r ;wai ow- 

[0 10 8] aB0lC*ffifi***Ra=0.2«;iaA. 
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BUSK. StHM. BIJP. *«fMfcfcoir>T*i* 
fc. itfe^JtbT. Ra*<0.2£j@*.T, *0?-yS« 
*«1738©T ; e;i'7r7.*— (Jt*SE^J8-5) <2gE& 

MbTV»«. O$0. «*3S*2000JSUi6000£tTOtUI)tT 

[0 10 9] 

2 o] 







(kg/mm 2 ) 


(^m) 




mm 




8- 

5 


VAD 


1738 


0. 26 


1.1 


SUS304 


0.07 




10-1 


RF-CVD 


4563 


0.250 


0.9 


SUS304 


0. 042 




10-2 


VAD 


3655 


0. 225 


0.63 


SCM415 


0. 045 


m 


10-3 


VAD 


2634 


0. 233 


0. 45 


SKD51 


0. 048 




10-4 


VAD 


5867 


0. 246 


1.65 


S45C 


0.042 



[OllO] mUZ. Jl-TMjWOOOeLheOOO&TT t$>1t. 
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(19) 4$P2001-192864 



35 36 









Ra 












(kg/mm 2 ) 


(Mm) 


(£tm) 


mm 




tMsey 8-5 


VAD 


1738 


0.26 


1.1 


SUS304 


0. 07 




11-1 




3587 


0. 165 


1.79 


SUS304 


0.038 




11-2 


RF-CVD 


4567 


0.070 


2.65 


S45C 


0.036 




11-3 


RF-CVD 


4123 


0.007 


1.02 | 


SCM415 ! 


0. 026 




11-4 


RF-CVD 


2568 


0.176 


0.86 1 


FC250 


0.037 




il-5 


RF-CVD 


2236 


0.093 


0.53 


SCM415 


0.036 i 




11-6 


RF-CVD 


3235 


0.065 


0.46 


S45C 


0.032 


g 


1 1 —7 
ill 


RF-CVD 


2243 


0. 122 


0.44 


SKD51 


0.046/ 




11-8 


VAD 


2689 


0.096 


0.3 


SUS304 


0.035 




11-9 


VAD 

T nil 


1QR7 

QUO 1 


0. 065 


1.95 


SCr415 


0.032 I 




11-10 


VAD 


4359 


0.042 


1.65 


AC8A ' 


0.028 




11-11 


VAD 


3657 


0. 078 


0.78 


SKD11 


0.03 




n-12 


VAD 


2697 


0.165 


0. 65 


FC250 


0.038 




11-13 


VAD 


4867 


0.086 


0. 35 


SKD51 


0. 029 




11-14 


! VAD 


2374 


0.146 


0.22 


SUS304 


0. 046 




11-15 


VAD 


5682 


0. 032 


1.88 


SCr415 


0. 026 




11-16 


VAD 


3668 


o.ot 


2.67 


SCM415 


0. 031 



[0 112] B9K. «J*fc*»«*©H«*^"r. *2 
0CDitfe^J8-5*X, *®3fi£Ra#0. 2£@*.S#&* 
A, «ffia*Ra*«0.005BLh, 0. Z&TO&m&Oi: It 
yay MTV^. 7««#2000fiU:60001SnFT* 

[0113] «22ic» mnzm^tirzumz-D^xm 



(««1748, Ra=0.113) J: o Tfctt " 

20 m<ntt^ttm&m.&m&<ti-tzm 

t§##*«»/TiN 0*1748. Ra=0. 113) ©tB^MtfP* 
ttS) *>&22t::jSLifc. 

[0 114] 

[*2 2] 







(kg/nn 2 ) 


$kffimz Ra 
(Mm) 


Sg&XRa 


(mm 2 ) ! 




TiJf 


YAD 


1748 


0.113 


197 


0. 45 


1 


TIN 


VAD 


2437 


0.196 


477 


0. 678 


1.50 


TiN 


VAD 


2265 • 


0.152 


344 


0. 586 


1.30 




12-1 


RF-CVD 


3587 


0.165 


591 


0. 476 


1.06 




12-2 


RF-CVD 


4567 


0. 070 


319 


0.398 


0. 88 




12-3 


RF-CVD 


4123 


0. 007 


28 


0. 144 


0.32 




12-4 


RF-CVD 


2568 


0.176 


451 


0. 435 


0. 97 




12-5 


RF-CVD 


2236 


0. 098 


207 


0.316 


0. 70 




12-6 


RF-CVD 


3235 


0. 065 


210 


0. 344 


0. 76 




12-7 


RF-CVD 


2243 


0.122 


273 


0.374 


0. 83 




12-8 


VAD 


2689 


0.096 


258 


0.31 


0. 69 


m 


12-9 


VAD 


3987 


0. 065 


259 


0. 335 


0. 74 




12-10 


VAD 


4359 


0. 042 


183 


0. 304 


0. 68 




12-11 


YAD 


3657 


0.078 


285 


0. 366 


0.81 




12-12 


VAD 


2697 


0.165 


445 


0. 426 


0. 95 




12-13 


YAD 


4867 


0.086 


418 


0.401 


0.89 | 




12-14 


VAD 


2374 


0.146 


346 


0. 405 


0.9 I 




12-15 


VAD 


S682 


i 0.032 


181 


0. 267 


j 0.59 




12-16 


YAD 


3668 


0.01 


36 


0.223 


0. 50 



[0 115] 01OtCRa (Mm) XHk (kg/mm 2 ) i^ft 

t)-#>m\t. Ra (Mm) XHk (kg/mm 2 ) »CftM%*it 
&)tmVT^2>Z.i:ib<t>fr-o1Z. EICTa (Aim) 

XHk (kg/mm 2 ) T&oTtK 7*1)17 7 
tt. TiN^CrN, (Ti, Al) HMKUt^T. ffi¥**tttf* 



50 



(Aim) XHk (kg/mm 2 ) #500£TFT&n«&^. 

Ra (Aim) XHk (kg/mm 2 ) =A£L£:*§ 
RttW500ttTT&«C&£flfcrWR''rfc«:: 

[oii6] 9 ) tarn t mm<DJ5& • 
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[0 118] 
[*2 3] 

^,*fcii0.005*}S09^MSrA. JElGfiSRatfO. 005R 





rh MM Ga 


rh Hi) fa 






« JHI4ELC 


















Ad \ f* 111/ 


(urn) 


an 






















Jfc«f*J 8-5 


" 




VAD 


i TOO 

1738 


n 9A 

U. Iv 


t i 
1. 1 




0. 07 




13-1 


Si 


0. 35 


RP-CVD 


2467 


0. ZD 


1 AA 




0. 057 




13-2 


Ti 


0.26 


RP-CVD 


5734 


0.37 


0.57 


SCM415 


0.053 j 




13-3 


Ta 


0. 44 


RP-CVD 


2673 


0.48 


0. 88 


S45C 


0.064 1 




13-4 


W 


0.36 


RP-CVD 


3514 


0. 35 


0. 93 


FC250 | 


0.053 




13-5 


Cr 


0.21 


RP-CVD 


3577 


0. 32 


0. 84 


SCM415 


0.051 




13-6 


Ti 


0. 63 


RP-CVD 


2643 


0.193 


1.02 


SKDU 


0. 043 




13-7 


Cr 


0.23 


RF-CVD 


3644 


0.067 


0.87 


SCM415 


0.063 




13-8 


V 


0.57 


RF-CVD 


2141 


0.045 


0.94 


SKH51 


0.061 




13-9 


Ta 


0.67 


RP-CVD 


2765 


0.164 


0. 74 


SCM415 


0.037 


I 


13-10 


Zr 


0.12 


RF-CVD 


3856 


0.034 


0. 36 


SUS304 


0. 038 


W 


13-11 


Ta 


0.7 


RF-CVD 


4675 


0. 056 


1.86 


S45C 


0. 032 




13-12 


TaC 


0. 86 


RF-CVD 


4387 


0.078 


0.93 


SCr436 


0. 027 




13-13 


Si 


0.88 


RF-CVD 


3678 


0.097 


0. 78 


' SKH51 


0.033 




13-14 


Si 


0.53 


RF-CVD 


5748 


0. 009 


0.77 


SUS304 


0.037 




13-15 




0.89 


RF-CVD 


2764 


0.057 


1.06 


SCM415 


0.047 




13-16 


Nb 


0. 44 


RF-CVD 


2846 


0.137 


1.13 


SCr436 


0. 045 




13-17 


Hf 


0.87 


RF-CVD 


2235 


0.168 


1.04 


S45C 


0.052 




13-18 


W 


0.59 


RF-CVD 


3387 


0. 045 


0.98 


SOI415 


U. Uao 




13-19 


Nb 


0.35 


RF-CVD 


3984 


0.069 


0.96 


SCM415 


ft ft34 




13-20 


TaC 


0.61 


RF-CVD 


4725 


0. 082 


0. 54 


AC8A 




1 








[*2 4] 






ctmnis 


















&£! 






(kg/ma 2 ) 


Ra<j*m) 


(aid) 


mm 








(Aim) 














Jfc«*J 8-5 






VAD 


1738 


0.26 




SU5304 


0.07 




13-21 


Hf ttMbfe 


0. 26 


RF-CVD 


4631 


0.196 


0.26 | 


SKDU 


0.033 




13-22 


Ta BHbW 


0.49 


RF-CVD 


2137 


0.164 


0.79 ! 


SUS304 


0.057 




13-23 


Zr jftfcft 


0.85 


RF-CVD 


3374 


0. 024 


1.66 


S45C 


0. 041 




13-24 


Ti 


0.77 


| VAD 


3584 


0.066 


1.37 


SCM415 


0. 036 




13-25 


Ti 


0. 47 


VAD 


5872 


0. 072 


0.31 


SKDU 


0.032 




13-26 


Cr 


[ 0.15 


VAD 


4235 


0.084 


0.67 


SCM415 


0.031 




13-27 


Cr mtm 


j 0.12 


VAD 


3798 


0. 097 


0. 77 


SCM415 


0.034 | 




13-28 


V 


0. 43 


VAD 


2858 


0.115 


0.88 


SKDH 


0.037 ! 




13-29 


Si 


0.26 


VAD 


5362 


0. 041 


1.11 


| SUS304 


i 0.036 


i 


13-30 


Si 


0. 59 


VAD 


3124 


0. 036 


1.68 


SCr436 


0.042 


13-31 


Si 


0. 74 


VAD 


2174 


0.157 


0. 54 


. FC250 


0.063 




13-32 


Nb 


0. 68 


VAD 


2586 


0.007 


0. 24 


SUS304 


0. 048 




13-33 


Nb 


j 0.66 


| YAD 


3647 


0.125 


0.13 


SCM415 


0.041 




13-34 




0. 53 


VAD 


4768 


0.053 


! 0.88 


SKDU 


1 0.03 




13-35 


f 


0.31 


VAD 


4986 


0.074 


1.36 


SCM415 


0. 028 




13-36 


Zr 


0.24 


VAD 


5634 


0.062 


1.87 


S45C 


0.027 




13-37 


Zr 


0.51 


VAD 


2764 


0. 033 


0. 63 


i SUS304 


0. 045 




13-38 


Hf 


0. 84 


VAD 


S896 


0.048 


0.67 


SCM36 


0.03 




13-39 




0.53 


YAD 


2343 


0.135 


1.38 


AC8A 


0.052 




13-40 


Nb tftfbfc 


0.69 


VAD 


2854 


0.164 


0.74 


SCM415 


0. 044 




13-41 


Ti ttftfc 


0. 74 


VAD 


3763 


0.074 


0.89 


SKH51 


0.035 
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( 21 ) 
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[0 12 2] 







tbRfllS 

^ r# 
V /x ins 




(kg/mo 2 ) 


Ra ( i± m) 


(/in) 


mm 




00 1 


itnm 7-3 






RF-CVD 


2564 


0. 045 


0.8 


S45C 


0.034 


15 


Jt«|BJ 7-4 


- 


- 


VAD 


3642 j 


0.035 


0. 8 


SUS304 


0. 036 


t 9 
IZ 




14-1 


Ti 


0. 53 




■9Cj4 9 ' 
6040 


ft tQQ 


1 05 


SKM ! 

OAJ/l 1 


0. 043 


28 




14-2 


It 


0. 12 


du rim 


OoOD 


ft ft4A ! 


ft 1ft 




0. 038 


26 




14-3 


Ta 


0.7 


RF-CVD 


4675 


0.056 


1.86 


S45C 


0. 032 


25 




14-4 


Si 


0.53 


RF-CVD 


5748 


0.009 j 


0. 77 


SUS304 


0. 037 


24 




14-5 




0.89 


RF-CVD 


2764 


0.057 


1.06 


SCM415 


0.047 


27 




14-6 


Hf 


0.87 j 


RF-CVD 


2235 


0.168 : 


1.04 


S45C 


0. 052 


29 




14-7 


? 1 


0. 59 


RF-CVD 


3387 


0. 046 


0. 98 


SCM415 


0. 038 


27 


14-8 


Nb 


0. 35 


RF-CVD 


3984 


0.069 


0. 96 


SCM415 


0. 034 


26 




14-9 


TaC 


0.61 


RF-CVD 


4725 


0.082 


0. 54 


trot 

ACS A 


ft ft? 






14-10 


Hi 


0.26 j 


RF-CVD 


4631 


0.196 


0.26 


SKDil 


0.033 


25 




14-11 


Ta fcitto 


0.49 ! 


RF-CVD 


2137 


0.164 


0. 79 


SUS304 


0. 057 


25 




14-12 


It 


0.85 


RF-CVD 


3374 


0.024 


1.66 


S45C 


0. 041 


25 




14-13 


Cr 


0.23 


RF-CVD 


3644 


0.067 


0.87 


SCM415 


0. 063 


29 




14-14 


V 


0.57 


RF-CVD 


2141 


0. 045 


0.94 | 


SKH51 


0.061 


25 


2] 






«2 6] 










mm 


BUS 
(urn) 




(kg/mm 2 ) 


Ra(/*m) 


mm 






(10 


tfcttfl 7-3 


— 




RF-CVD 


2564 


0.045 


0.8 


S4SL 


ft flQA 


lfi 


tt«0tl7-4 


- 




YAD 


3542 


; 0. 035 


0.8 


SUSS04 


0. 036 


12 




14-15 


Ti 


0. 77 


VAD 


3584 


0. 066 


1.37 


SCM415 


0.038 


28 




14-16 


Si 


0.26 


VAD 


5362 


0. 041 


1.11 


SDS304 


0. 036 


30 




14-17 


Nb 


0. 66 


VAD 


3647 


0.125 


0. 13 


SCM415 


0.041 


26 




14-18 


w 


0. 53 


1 VAD 


4768 


0.053 


0. 88 


SKDU 


0. 03 


27 


I 


14-19 


Zr 


0.51 


VAD 


2764 


0.033 


0. 63 


SUS304 


0.045 


28 




14-20 


Hf 


! 0.84 


VAD 


5896 


1 0. 048 


0. 67 


SCr436 


0. 03 


23 




14-21 


Cr 


0.15 


VAD 


4236 


0. 084 


0. 67 


SCM415 


0. 031 


28 




14-22 


Cr #<fc«J 


0.12 


VAD 


3798 


0. 097 


0.77 


SCM415 


0.034 


27 




14-23 


V 


0. 43 


YAD 


2858 


i 0.115 


0. 88 


SKDIl 


0.037 


24 




14-24 




0. 53 


VAD 


2343 


0.135 


1.38 


! AC8A 


0.052 


25 




14-25 




0. 59 


VAD 


2854 


0.164 


0. 74 


SCM415 


0. 044 


26 




14-26 




0. 74 


VAD 


3763 


0.074 


0. 89 


SKH51 


0.035 


24 
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1600/ 
11340 


S600/ 
SI 340 


SI 340/ 
SI 560 


11340/ 
11560 


SP 3 f -to 
f -MM 

(CBf 1 ) 


(mi) 










J*fe9 


(at SO 




12-1 


0.016 


0.006 


6.1 


1.8 


1562 


2.2 


Si 9 N 4 


xy/ >m 


SP 


0. 06 


0.7 


22 




12-2 


0.01 


0.007 


4.5 


1.6 


1556 


9.8 


A1 2 0, 




HCVD 


0.06 


0.7 


35 




12-3 


0.001 


0.001 


5.5 


2.2 


1552 


1.5 


SCH415 


mm 


YAD 


0.08 


0.9 


28 


W 


12-4 


0 


0 


6 


2.5 


1549 


0.7 


SUS3D4 


r m \ 


UBM 


0.07 


I 


23 




12-1 


0.03 










0.5 


S45c | 


*' n> 


SP 


0.06 


0.5 


0 




12-2 


0.4 










0.2 
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